A cross-sectional study involving 670 participants (390 females and 280 males) collected between November 2016 and April 2017, whose ages ranged from 12-19 years from secondary and high school students. Treatment needs were estimated using the IOTN components, dental health component (DHC), and aesthetic component (AC).
I n planning of orthodontic services, it is essential to determine and measure the treatment needs in a population. 1 The main reason for orthodontic treatment is enhancement of appearance from the patient's point of view. 1, 2 However, the need for orthodontic treatment is not influenced only by the patient's perceptions; the orthodontist's clinical examination is essential to support this perception and add greater awareness of the malocclusion situation. 2, 3 Several indices were designed to classify malocclusion into groups in relation to the degree of treatment needed. Occlusal indices are used to recognize and rank the treatment needed in epidemiological studies and to improve the reliability of treatment facility. 1, 2 The index of orthodontic treatment needs (IOTN) is one of the most commonly used indices to measure orthodontic treatment needs. 3, 4 It has 2 distinct components, the dental health component (DHC) and the aesthetic component (AC). The DHC is the clinical component of the IOTN and is composed of 5 grades varying from grade one, "no need for treatment," to grade 5, "extreme need". 5 The AC is the subjective component of the IOTN and is composed of a scale of 10 photographs that measure the ranges of anterior teeth attractiveness. 5 When comparing the IOTN to other treatment need indices, the IOTN has been found to be reproducible, valid, and accurate, with high specificity and sensitivity . 2, [6] [7] [8] Within the last 10 years, few epidemiological studies have been conducted in the western region of Saudi Arabia on the malocclusion status of young adults and their orthodontic treatment needs using the IOTN. 6, 7, 9 Several studies that estimate the orthodontic manpower need were found; however, all of them were carried out in countries other than Saudi Arabia. 10, 11 No published research was found to estimate the orthodontic manpower requirements in the Kingdom; therefore, the importance of this study arises from the fact that Saudi Arabia provides free public orthodontic services. Thus, a careful estimation of the funds and manpower are essential in order to provide decisions to deliver such services. Therefore, the evaluation of orthodontic treatment needs will scientifically support the proper direction of government resources.
The aim of the present study is to evaluate the orthodontic treatment needs using the IOTN components and to estimate the required manpower in Jeddah, Saudi Arabia. Furthermore, to assess the most frequent types of malocclusion traits according to severity, to investigate gender distribution and gender differences of malocclusion traits. Lastly, to find the degree of correlation between the IOTN-DHC and the IOTN-AC in order to assess their agreement.
Methods. Research Ethics Committee at King
Abdulaziz University in Jeddah, Saudi Arabia, approved this cross-sectional descriptive study (RCE #085-16). This study was designed according to the principles of Helsinki declaration.
The sample of the present study was collected from public and private secondary and high schools in Jeddah, Saudi Arabia between November 2016 and April 2017. The sample size was estimated using a 95% confidence level and 5% margin of error with the RAOSOFT online sample size calculator (http://www.raosoft.com/ samplesize.html). The recommended sample size of Saudi teenage males and females population living in the Western region of Saudi Arabia was 385 subjects.
We invited 975 adolescents to participate in the present study; however, 305 adolescents were excluded from the study because they do not fit the study criteria.
Inclusion criteria were: students with consent form obtained from them and their guardians, age between 12-19 years. Exclusion criteria were: students who have carried out orthodontic treatment or in the middle of the treatment and students with craniofacial anomaly.
The final sample size was a total of 670 students, aged 12-19 years, who were selected from different demographic areas of Jeddah. Demographic data collected from all participants included date of birth, age, gender, level of education, and type of schooling.
Malocclusion assessment. The IOTN was established by Brook and Shaw in 1989, it incorporates 2 components; the DHC and AC. This index was designed to assess the orthodontic treatment need and the severity of malocclusion. 1 The students' malocclusions were examined under natural light using the DHC and AC of the IOTN.
Malocclusion severity was ranked following the DHC component of IOTN to: 1-2 imply no/little treatment need, 3 imply moderate/borderline treatment need, and 4-5 imply severe/extreme treatment need. 5 The malocclusion traits were overjet, anterior crossbite, posterior crossbite, anterior open bite, anterior overbite, crowding, and spacing. The highest numerical values of the malocclusion severity were recorded. The IOTN-AC was used to measure the person's self-perception of his/her aesthetic. It is composed of 10 photographs representing different severity and attractiveness levels of anterior malocclusion. It has 10 grades; grades Disclosure. Authors have no conflict of interests, and the work was not supported or funded by any drug company.
1-4 represent no/slight need, grades 5-7 represent borderline/moderate need, and grades 8-10 represent severe/extreme need for orthodontic treatment. 5 The examiner selected the photograph that most represented the participants' anterior dental appearance.
For the examiners' calibration, 30 cases were examined and re-examined by both researchers within a one-week interval.
Statistical analyses. Statistical analyses were performed using the Statistical Package for the Social Sciences SPSS version 20 (IBM Corp., Armonk, NY, USA). Descriptive analyses of the data were performed. Pearson's chi-square test was performed to find any gender differences in the IOTN-DHC and IOTN-AC levels of severity and malocclusion traits. Pearson's Chi-square test was used to find the correlation between the IOTN-DHC and the IOTN-AC. Spearman's correlation was used to find the correlation coefficients between the IOTN-DHC and the IOTN-AC.
Results. The sample was composed of 670 participants, 390 females (58.2%), and 280 males (41.8%), with a mean age of 15.32 and SD of 1.81 years. The secondary students comprised 307 (45.8%) and high school students 363 (54.2%). The public students comprised 300 (44.8%) and private school 370 (55.2%). The intra-examiner kappa values for the DHC was 0.91 and AC was 0.85, indicating good intra-examiner reproducibility.
According to the IOTN-DHC, 24.3% of the cases required severe/extreme need for orthodontic treatment. The highest number of cases fell into the no/slight need category (51.3%). The moderate/ borderline need category was third. Figure 1 represent this distribution. No statistically significant difference between genders according to the severity of malocclusion (p=0.89) for no/slight need, (p=0.418) for moderate/borderline need and (p=0.35) for severe/ extreme need. Table 2 shows the gender distribution of the IOTN-AC grades. It reveals that the highest number of cases fell in the no/slight need of treatment (65.8%), followed by moderate/borderline need (26.6%), and severe/extreme need of treatment was last (7.6%). No statistically significant differences between genders according to the IOTN-AC (p=0.151) for no/slight need, (p=0.19) for moderate/borderline need, and (p=0.689) for severe/extreme need. Figure 2 shows the distribution of different types of malocclusions in the total sample and in the males and females. Crowding was the most frequent type of malocclusion, which represented approximately 49% of the total sample. The second and the third most common types of malocclusion were increased overjet (22%) and spacing (16%). The least frequent type of malocclusion was the anterior open bite, which represented 2% of the total sample. Table 3 shows that there was a highly statistically significant difference between males and females in the frequency of crowding at p<0.001 and overjet at p=0.037. Spearman's test showed a statistically significant (p<0.001) strong correlation with a coefficient of 0.687 (Table 4) .
Using Pearson's Chi-squared test, there was a statistically significant correlation (p<0.001) between the IOTN-DHC and IOTN-AC; 51.2% of the sample was in agreement in the mild need category, while the agreements in the moderate need levels were 10.7% and severe were 6.7%.
Manpower estimation. The birth cohort in the city of Jeddah is estimated to be approximately 35,000.
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The present study showed that the severe/extreme need of orthodontic cases represent approximately 25%, suggesting that approximately 9,000 of each birth cohort will have severe/extreme orthodontic treatment needs. Assuming a full-time orthodontist can accept an average of 80-100 new cases per year; therefore, the Saudi Ministry of Health must employ 90-110 orthodontists in Jeddah to meet the demand of the needs for orthodontics in adolescents. This number must be increased to 160-200 orthodontists if the Ministry of Health aims to include moderate orthodontic treatment needs cases in its service plan.
Discussion. The revolution in communication and social media has led to changes in the beauty perception among most social media users, especially young adults. 13, 14 The results could be the lack of acceptance of mild malocclusions and seeking a Hollywood smile. Added to this is the increased knowledge and awareness of what changes in orthodontic treatment can accomplish. These factors have increased the demand for orthodontic treatment in the Saudi population. 2 In a country such as Saudi Arabia where orthodontic treatment is free, it is important to carefully screen the cases that could benefit from this service. A better understanding of how orthodontists evaluate the severity of malocclusions will assist in the estimation of the required manpower. This estimation will also help shed some light on the future vision of the Ministry of Health to provide suitable clinical services for the public and to hire the required number of orthodontists. It will also assist the universities and the Saudi Mission for Health Specialties to estimate the required numbers of dentists that should be accepted in postgraduate programs.
The IOTN is the most commonly used index, especially among epidemiological studies performed in the Middle East region. 2 According to the IOTN-DHC, this study showed that 24.3% of the cases had severe/ extreme need for orthodontic treatment. Variable percentages have been reported by other studies performed in Arab countries. For example, Omer et al reported 31% of severe/extreme need cases in Lebanon, 15 while Al-Zubair showed a 19% of severe/ extreme malocclusion among 12 years old Yamani school students, 16 Hammad and Awad found that almost 20% of their sample of Egyptian school children was in the severe/extreme need category. 17 Alatrach et al studied a Syrian sample and found that 38% of their sample fell into the severe need category.
1 Far Eastern countries reported a similar percentage to the present study. Cai et al 18 found that 24.1% of their Chinese sample had severe/extreme needs for orthodontic treatment,and Zamzuri et al, 19 showed a 27% of severe/ extreme need among their Malaysian sample. On the other hand, a higher percentage of severe/extreme need cases were found in other Middle Eastern countries such as Turkey and Iran, where researchers found a percentage of 45.9% and 62.7%. 20, 22 In addition, 47.1% of referred Pakistani patients had a severe/extreme need for orthodontic treatment. 23 In contrast to the present study, this difference might be due to variability in the perceptions of the referring dentists, who assessed the malocclusion with different rankings of esthetic factors vs measurable treatment needs. Ethnicity and cultural differences could also be contributing factors.
Studies carried out in different areas of Saudi Arabia also showed variable results. Gudipaneni et al 24 showed that 21% of the adolescents of the northern region of Saudi Arabia have a severe/extreme orthodontic needs. However, other studies found a much higher percentage such as the study carried out in the central region of Saudi Arabia by Al-Jobair. He found that 70% of the patients sought orthodontic treatment at King Saud University were reported as having severe/extreme orthodontic treatment needs. Similarly, Hassan and Hassan et al, in 2006 and 2014 showed that 71.6% and 52.5% of patients seeking orthodontic treatment at King Abdulaziz University (KAU) in the western region of the Kingdom were in the severe/extreme need category. 2, 6, 9 This considerable difference between the present research and the other studies could be attributed to the fact that the sample subjects in the present study were students who were not seeking orthodontic treatment. However, Al-Jobair, 2 
and Hassan et al's studies 9 were performed either on referred patients or on those seeking orthodontic treatment at the university's orthodontic clinics, which might explain the higher percentages.
We also noticed a descending pattern of the percentages in severe/extreme orthodontic treatment needs from all the studies performed in Jeddah in 2006 (71.6%), 6 2014 (52.5%), 9 and present study (24.3%). This could be attributed to the changes in awareness of malocclusions' effects on oral health and an increase in the knowledge of what orthodontic treatment can offer to improve dental health and aesthetics. This has encouraged parents to seek early interceptive orthodontics. Thus, Phase 1 of treatment concepts will affect the severity of cases, leading to a decrease in grade 4 and 5 cases. Severe/extreme need category patients should be the first priority for free orthodontic treatment. Hassan's 2006 study 6 showed otherwise: patients attending KAU clinics and obtaining free orthodontic treatment had malocclusions of grades 1 and 2 categories of IOTN components, significantly higher than those attending private clinics, and cases with high needs at grades 4 and 5 were greater at private clinics in the western region. This could be the result of the demand for quick treatment of those patients to improve their dental health and attractiveness, and loading the KAU free clinics with cases that have less needs increasing the length of the waiting list. King Abdulaziz University screening clinics have recently started to use the IOTN-DHC as a tool for screening patients and directing them to postgraduate or specialty clinics according to case severity. This arrangement will benefit those with moderate and severe needs from this free governmental service, but more investigation is necessary to evaluate this situation in the future. Subjective need assessment (IOTN-AC) showed almost 8% of the cases were considered severe/extreme need. Although the severe/extreme orthodontic treatment need in the IOTN-AC was much lower than in the IOTN-DHC (24.3%), it is essential to assess orthodontic cases using AC to avoid any effect of malocclusion on self-perception and social life.
There is a statistically significant correlation between the IOTN-DHC and the IOTN-AC, but it was mainly at the no/mild need level at 51.2%, while it represented 6.7% of the cases at the severe/extreme need level. This could be attributed to the fact that the IOTN-DHC includes posterior malocclusions while the AC focuses only on the subjective effects of anterior malocclusions. It is important to highlight the strong statistically significant correlation between the IOTN-DHC and the IOTN-AC, which represents the high reliability and applicability of the IOTN-AC in the Saudi population.
The present study showed that the most frequent and severe malocclusion traits were crowding (57.5%) followed by increased overjet and spacing (17.9% and 15.7%,). Several other studies evaluated the most frequent types of malocclusion traits. Hassan in 2006 conducted a cross-sectional study on Saudi adults seeking orthodontic treatment at public and private clinics in the western region of the Kigndom. He found that crowding was first followed by crossbite and increased overbite and overjet (89.1%, 44.5%, and 33.6%). 6 Al-Jobair et al's review of 300 orthodontic study models found a very similar sequence of traits to the present research, except increased overbite and crossbite were third (36%), with 96% of the sample showing crowding and 64.7% showing increased overjet. 2 This difference in the percentages is due to the fact that the 2 studies mentioned above researched the incidence of these malocclusion traits while the present study focused on traits that contributed to the severity of the case.
Other studies conducted in the Middle East on the prevalence of malocclusion traits revealed conflicting results. Some showed a similar prevalence sequence of malocclusion traits according to severity as the present study. Hammand and Awad's study 17 of Egyptian participants found that severe crowding was the most common malocclusion trait in 27.5% of their sample followed by increased overjet at 20.4%. A study on the Iranian population showed the same results, with crowding being the most common malocclusion trait in their sample at 62.7% and increased overjet at 22.7%. 25 However, other studies showed slightly different prevalence patterns as seen in Bugaighis and Karanth's study 26 of 343 Libyan school children. It was found that 55.1% showed increased overbite, followed by 48.4% with increased overjet, whereas crowding had the lowest percentage at 10%.Moreover, Seddiqui et al concluded that overjet represented the most common malocclusion traits of their total sample at 41.3%, followed by crowding at 26.4%. 23 A strong correlation was found between the IOTN-DHC and the IOTN-AC as represented by Spearman's correlation coefficient. It showed a strong (p<0.001) statistically significant correlation with a coefficient of 0.687 supporting that the IOTN components are accurate, reproducible, and valid for use in epidemiological studies in Saudi Arabia. This was also proven by other studies that found that the IOTN components have high specificity and sensitivity. 2, [6] [7] [8] The main limitation of the present study, is that it concentrated on the adolescent age group excluding the early mixed dentition, and adult cases that have a severe/extreme or moderate orthodontic need, which might increase the required manpower in the city of Jeddah. Future researches about these age groups will add to the understanding of the orthodontic treatment needs and the expected manpower.
Clinical implication. The suggested estimation of manpower will help shed some light on the future vision of the Ministry of Health in providing suitable clinical services for the public and hiring the required number of orthodontists. It will also help the universities and the Saudi Mission for Health Specialties to estimate the required numbers of dentists that should be accepted to postgraduate orthodontic programs. In conclusion, one-quarter of the orthodontic cases in the city of Jeddah fall in the severe/extreme orthodontic treatment need. Manpower estimation of 90-110 orthodontists to cover the severe/extreme need cases, and 160-200 orthodontists if moderate need cases are to be included. The most frequent type of malocclusion traits according to the severity was crowding followed by increased overjet then spacing; the least frequent type of malocclusion was anterior open bite. Statistically significant differences between the genders were found, with males showing more crowding and females showing more increased overjet. Statistically significant correlation (p<0.001) between the IOTN-DHC and IOTN-AC indicating that they are reliable and applicable indexes.
